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SUMMARY 


An investigation has teen made of the effects of conical wing camber 
and body indentation according to the supersonic area rule on the aero- 
dynamic wing loading characteristics of a wing-body-tail configuration 
at transonic speeds. The wing aspect ratio was 3* taper ratio was 0.1, 
and quarter- chord-line sweepback was 52 . 5 ° with 3-percent -thick airfoil 
sections. The tests were conducted in the Langley l6-foot transonic 
tunnel at Mach numbers from 0.80 to 1.05 and at angles of attack from 
0° to 14°, with Reynolds numbers based on mean aerodynamic chord varying 

from 7 x 10 6 to 8 x 10 6 . 

Conical camber delayed wing-tip stall and reduced the severity of 
the accompanying longitudinal instability but did not appreciably affect 
the sparrwise load distribution at angles of attack below tip stall. 

Body indentation reduced the transonic chordwise center-of -pressure 
travel from about 8 percent to 5 percent of the mean aerodynamic chord. 


INTRODUCTION 


An Investigation of the transonic aerodynamic characteristics of 
an airplane model having a 52 . 5 ° sweptback wing of aspect ratio 3 
(reported in ref. l) showed that the use of conical camber improved 
maximum lift-drag ratios attainable in the transonic region. It was 
Inferred from force data that this gain in performance resulted from 
the improved wing lift distribution associated with the use of conical 
camber. Because of the scarcity of loads distribution data on conically 
cambered sweptback wings, the wing pressure loads on the wings of the 
model tested in reference 1 were also measured and are reported herein. 
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Similar loading investigations have previously been performed on coni- 
cally cambered delta planform wings (for example, refs. 2 and 3 ). 

A pressure instrumented model, the same as that used in the force 
tests of reference 1, was used in this investigation. The wing was 
cambered for a design Mach number of {2 according to the design charts 
of reference 4, and the body was indented according to the supersonic 
area rule of reference 5. For purposes of comparison, tests with a 
plane wing (no camber) and a nonindent ed body were also conducted. 

The models were tested in the Langley l 6 -foot transonic t unn el at Mach 
numbers from 0.80 to 1.05 and at angles of attack from 0° to l4°. Wing 
section pressures distributions were obtained for six spanwise stations 
on all configurations tested. 


SYMBOLS 


A 

Aij 

b 

B iJ 

c 

c ' 
c m 

Cm 

c n 

C N 


body cross-sectional area 

twist at ith spanwise station due to load at jth station 
wing span 

twist at ith spanwise station due to moment at jth station 
local chord measured streamwise in :;c,y plane 
mean aerodynamic chord 
average wing chord, s/b 

wing section pitching-moment coefficient about local quarter- 
chord point 

wing pitching -moment coefficient about 0 . 25 c' 
wing section normal-force coefficient 

wing normal-force coefficient, 
pressure coefficient, 


L 


-.0 


w:.ng-body 

Juncture 


=4 4 fefe) 


l 


body length 
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M 

Ap 

<1 

S 

x' 

X 

*cp 

c ' 

y 

y cp 

* 7 * 

z 

a 


free -stream Mach number 

local static pressure minus free-stream static pressure 

free -stream dynamic pressure 

total wing area 

axial coordinate measured with respect to body nose 

local axial coordinate measured with respect to wing section 
leading edge 

wing chordwise center-of-pressure position, fraction of wing 
mean aerodynamic chord measured from leading edge of c 1 

spanwise coordinate measured with respect to plane of symmetry 

wing spanwise center-of-pressure position, fraction of wing 
semi span 

coordinate normal to x and y, measured with respect to 
body center line 

angle of attack of body center line 
MODELS AND APPARATUS 


Models 

A photograph of the model with the plane wing, indented body, and 
horizontal and vertical tails is shown in figure l(a). A sketch of the 
same configuration giving geometrical details is shown in figure l(b). 

A tabulation of the model geometric characteristics is presented in 
table I . 

Wings . - Both a plane and a conically cambered wing were tested, 
each having the same thickness distribution. The plane wing had NACA 
65A003 airfoil sections axially. The cambered-ving ordinates were 
calculated by the method of reference 4 for a design Mach number of \f2 
at a lift coefficient of 0.2, and are shown as mean camber lines in 
figure 2. The camber method of reference 4 gave camber only over the 
outboard 20 percent of each local semi span so that the inboard 80 percent 
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of each local semi span of the wing was identical to the plane wing. 

The wings were of steel construction with static pressure orifices 
located at six spanwise stations (l6, 48, 64, 80 , and 95 percent 

of the semispan). A listing of the chordwise orifice locations is 
presented in table II. 

Bodies . - Table III presents the ordinates of the indented and 
nonindented bodies. Both were bodies of revolution for the forward 
75 percent of the body length and had elliptical cross sections over 
the rearward 25 percent (to accommodate the model sting support). 

The indented body had a cross-sectional area distribution calcu- 
lated for M = \[2" indentation according to the supersonic area rule 
of reference 5- The body was indented for only 80 percent of the area 
calculated for the presence of the horizontal and vertical tails. 
Cross-sectional area distributions for the two configurations are 
presented in figure 5* 

Tails . - The geometric characteristics of the vertical and hori- 
zontal tails are listed in table I. It should be noted that the 
horizontal tail used on the indented body was different from that 
used on the nonindented body. 


Apparatus 

The tests were made in the Langley l6-foot transonic tunnel. A 
complete description of the wind tunnel and its airflow characteristics 
is contained in reference 6. The model was sting- supported as shown 
in figures l(a) and l(b). The sting-support system pivoted in a manner 
such that the model was kept on or near the tunnel center line through- 
out the angle-of -attack range. 

The wing static pressures were recorded on multiple-tube mercury- 
manometer boards. A pendulum-type strain-gage inclinometer was located 
inside the model to determine the angle of attack. 


TESTS 


Three principal model configurations were tested. These were the 
cambered wing with the indented body, the pl^uie wing with the indented 
body, and the cambered wing with the nonindented body. For most of the 
tests, both the vertical and horizontal tail*, were attached to the model 
and set at zero deflection. For some configurations and test Mach num- 
bers, data at high angles of attack were obtained with the horizontal- 
tail incidence at -4° and -8°. 
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Boundary- layer transition was fixed on all configurations by means 
of a 0. 1- inch-wide strip of distributed roughness particles of No. 220 
carborundum grains. On the wings and tails, the strips were located 
on the upper and lower surfaces at the 2.5-percent-chord line. On the 
body, a strip around the nose was located at 2.5 percent of the body 
length. 

Tests were conducted at Mach numbers from 0.80 to 1.05 and. at 
angles of attack from 0° to l4° except when restricted by allowable 
model support loads. The Reynolds numbers based on mean aerodynamic 

chord varied from 7 X 10^ to 8 x 10^. 


CORRECTIONS AND ACCURACY 


Reference 7 indicates that tunnel-wall interference in the Langley 
l6-foot transonic tunnel is negligible for the size of model which was 
tested and therefore no such correction has been made. No correction 
has been made for model aeroelasticity; however, the wing was statically 
loaded and the measured influence coefficients are presented in figure 4 
These coefficients were obtained by the method described In reference 8. 

No difference in wing pressure distributions could be detected in 
tests with differing tail incidences. Therefore, the wing pressure data 
contained within this report are presented as independent of the tail 
settings actually used during the tests. In addition, a comparison of 
wing pressures measured with the tails on and off showed negligible 
differences. It is therefore considered that the effects on the data 
of the use of horizontal tails of different size can be ignored. 

The accuracy of the data has been estimated as follows: 


C p • • 
M . . 
a, deg 


±0.005 

± 0.01 

± 0.2 


PRESENTATION OF RESULTS 


The results of this investigation are presented in the following 
figures: 



6 


Figure 


Chordwise pressure distributions for the plane wing in combina- 
tion with the indented body 5 

Chordwise pressure distributions for the cambered wing in com- 
bination with the indented body 6 

Chordwise pressure distributions for the cambered wing in com- 
bination with the nonindented body 7 

Spanwise load distributions for the plane wing in combination 

with the indented body 8 

Spanwise load distributions for the cambered wing in combination 

with the indented body 9 

Spanwise load distribution for the cambered wing in combination 

with the nonindented body 10 

Variation of angle of attack with wing normal-force coefficient 

for various Mach numbers 11 

Variation of wing pitching-moment coefficient with wing normal- 

force coefficient for various Mach numbers 12 

Variation of wing chordwise center-of -pressure location with 

wing normal-force coefficient for various Mach numbers .... 13 

Variation of spanwise center-of-pressure location with wing 

normal-force coefficient for various Mach numbers ....... l4 

Variation of wing chordwise and spanwise center of pressure with 

Mach number for constant wing normal-force coefficient .... 15 


DISCUSSION OF RESULTS 


Effect of Camber on Local Separation 

The effect of camber on local wing flow separation can be seen in 
a comparison of the chordwise pressure distributions for the plane and 
cambered wings when tested with the indented body (figs. 5 and 6). Up 
to an angle of attack of 10°, camber delayed wing-tip stall and spanwise 
stall progression. In general, beyond 10°, <rtiere separation is more 
fully developed, the distributions are quite similar for both wings. 

The beneficial effects due to camber are apparent in the region 
of M = 0.80 to 0.90 as a reduction in the severity of the break in the 
wing normal-force coefficient with angle of attack (figs. 11(a) and (b)) 
and as a reduction in the severity of longitudinal instability as 
illustrated by the variation in wing pitching-moment coefficient with 
wing normal-force coefficient (figs. 12(a) and (b)). 
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Effect of Camber on Spanwise Loading 

At 0° angle of attack the spanwise load distributions for the 
cambered wing in combination with the indented body (fig- 9) indicate 
that the basic loading due to camber is rather small. Thus at angles 
of attack of 2° and k ° , it is not surprising that the general shape 
of the spanwise loadings for the cambered wing is similar to that of 
the plane wing (fig. 8), At an angle of attack of 6° , the cambered 
wing had a more elliptic spanwise loading than the plane wing because 
the cambered wing maintained a higher loading over the tip station. 
Above an angle of attack of 6°, the shape of the spanwise loading is 
quite distorted due to local flow separation. 

The apparent similarity of the loading characteristics for both 
the plane and cambered wings is illustrated by the similar location 
of the spanwise center of pressure and its variation with Mach number 
at constant normal-force coefficient (fig. 15 ). 


Effect of Body Indentation on Chordwise 
Center-of -Pressure Travel 

In the Mach number range of 0.90 to 0 . 98 , the rearward chordwise 
center-of -pressure travel for the nonindent ed-body configuration was 
about 8 percent c f and for the indented-body configurations was 
about 5 percent c T (fig. 15)- This beneficial effect of body indenta- 
tion is due to higher negative pressure peaks near the wing leading 
edge and better chordwise pressure recovery at the 32 - and ^8-percent- 
semispan stations for the indented body configurations. These pressure 
differences are difficult to see in the pressure distributions of fig- 
ures 5, 6, and 7 because of the small plotting scale. However , the 
effects of these differences are more evident in c m as can be seen 
in table IV. At M = O .98 for these wing stations, the local chord- 
wise center of pressure (defined as ( 0.25 - c mf c n)) is 3 to k percent 
farther forward for the cambered wing in combination with the indented 
body than for the cambered wing in combination with the nonindented 
body. 


CONCLUSIONS 


An investigation of the aerodynamic loading characteristics of a 
52 . 5 ° sweptback wing of aspect ratio 3> tested with indented and non- 
indented bodies, has led to the following conclusions: 
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1. Conical camber delayed wing-tip stalL and reduced the severity 
of longitudinal instability. 

2. Conical camber did not appreciably cnange the spanwise loading 
at angles of attack below tip stall of the plane wing. 

3* Body indentation reduced the transonic chordwise center-of- 
pre s sure travel from about 8 percent to 5 percent of the mean aero- 
dynamic chord. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Air Force Base, Va. , August 10, 1961. 
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TABLE I 

MODEL GEOMETRICAL CHARACTERISTICS 

Wing: 

Airfoil section, plane wing NACA 65AOO3 

Aspect ratio j.O 

Taper ratio 0.1 

Area, sq in 1,176.0 

Vertical tail: 

Airfoil section NACA 65AOO3 

Taper ratio 0.2 

Area, sq in 293.9 

Horizontal tail for indented body: 

Airfoil section NACA 65AOO3 

Aspect ratio . . 5,0 

Taper ratio 0.2 

Area, sq in 293.9 

Sweep of quarter- chord line, deg 1+5 

Span, in 29. 70 

Mean aerodynamic chord, in 11-37 

Root chord, in 16.50 

Horizontal tail for nonindented body: 

Airfoil section: 

Hoot NACA 64A006 

Tip NACA 6UOO3 

Aspect ratio 3.O 

Taper ratio 0.2 

Sweep of quarter- chord line, deg 45 

Area, sq in 236. 1 

Span, in 26.6l 

Mean aerodynamic chord, in 10. l8 

Root chord, in 14.78 
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STATIC PRESSURE ORIFICE LOCATIONS FOR PLANE AND CAMBERED WINGS 
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TABLE III 
BODY ORDINATES 




All dimensions are in inches 


s ] 


Body station, 

X 

Indented body 

Nonindented body 

y 

Z 

5 

Z 

Circular cross section 

0 

0 


0 


• 50 

.24 


.24 


• 75 

-32 


•32 


1.00 

-39 


•39 


2.00 

.66 


.66 


4.00 

1.09 


1.09 


6.00 

1.46 


1.46 


8.00 

1.78 


1.78 


10.00 

2.07 


2.07 


14.00 

2.59 


2.59 


18.00 

3-03 


3-03 


22.00 

3-40 


3-40 


26.00 

3-73 


3-73 


30.00 

4.00 


4.00 


35-00 

4.28 


4.28 


40.00 

4.45 


4.51 


45.00 

4.46 


4.64 


50.00 

4.36 


4.73 


55-00 

4.27 


4.76 


60.00 

4.24 


4.74 


65.OO 

4.30 


4.65 


70.00 

4.21 


4.50 


75-00 

4.08 


4.29 


Elliptical cross section 

80.00 

3.85 

3-90 

3-99 

4.04 

84.00 

3.49 

3.68 

3.60 

3.82 

88.00 

2.98 

3.38 

3.25 

3-65 

92.OO 

2.59 

3.12 

2.86 

3.45 

96.00 

2.21 

2.99 

2.48 

3.25 

100.00 

1.88 

2.81 

2.12 

3-05 
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TABLE IV.- Concluded 

wma section coKPTicizrrrs 

(c) Nonlndented body and cambered wing 


H 

a i 

57 r - °- 16 

o 

II 

HS 


m - °- 6 '* 

Jj - - 0.60 

b 72 

& - °’ 95 

deg 

c 

c 

c . 

c n 

c m 


Si 

c n 

<=■ 

c n 


c n 

c m 

o.bo 

1 

-.0177 
.0742 
.1635 
.2589 
« 3659 
.47 22 
.5663 
.6723 

.0062 

-.0062 

-. 0169 . 

-.0294 

-.0418 

-.0524 

-.0575 

-.0664 


.0037 

-.0060 

-.0117 

-.0182 

-.0214 

-.0186 

-.0095 

-.0255 

-.0266 
.0864 ' 
.2041 
.3215 
.4737 
.6565 
.8192 
1.0109 

-.0025 
-.0083 
-.0116 
-.0171 
-.0322 
-.0478 
-.0770 
-. 1660 

-.0321 
.1111 
. 25 U 
.3895 
.6106 
.8255 
. 7567 
. 7572 

-.0089 
-.0135 
-.0168 
-. 01 71 
-.0497 
1464 
-.1313 
-.1398 

- .0789 
. 100 ? 
.2519 
. 3970 
.5537 
.4813 
.4496 
.4977 

-.0210 

-.0262 

-.0237 

-.0296 

-.0884 

-.0796 

-.0898 

-.0826 

-.1850 
.0627 
.2216 
.3819 
.2026 
.1458 
. 1666 
.1778 

.0025 
-.0243 
-.01 77 
-.0327 
-.0241 
-.0145 
-.0303 
-.0324 

o . d 5 

0 

2 

4 

6 

8 

10 

12 

14 

-.0138 

.0763 

.1704 

.2638 

.3753 

.4950 

.5843 

.6803 

.0055 

-.0070 

-.0198 

-.0322 

-.0484 

-.0642 

-.0664 

-.0738 

-.0112 

.0859 

.1928 

.3077 

.4400 

.5907 

.7166 

.8525 

.0033 

-.0067 

-.0136 

-.0205 

-.0299 

-.0267 

-. 0164 ' 

-.0330 

Htjfjjtfll 

-.0024 
-. 0091 ■ 
-.0127 
-.0170 
-.0329 
-.0637 
-.0775 
-.1731 

-.0302 
. 1 144 
.2594 
.4012 
.6208 
.8352 
.791 1 
.7485 

-.0088 
-.0139 
-.0173 
-.0160 
-.0485 
-.1402 
-.1 339 
-.1441 

-.0786 
.1062 
.2713 
.4139 
.6067 
. 4926 
« 459 1 
.5176 

-.0214 

-.0274 
-.0289 
-.0285 
-.1029 
-.0916 
-.1027 
-.08 72 

-.1762 

.0627 
.2396 
.4024 
.2010 
.1560 
. 1 829 
.1774 

-.0021 
-. 02^9 
-.0165 
-.0371 
-.0227 
-.0169 
- , 0 344 
-.0329 

0.90 

I 

.001 3 
.0828 
.1822 
.2825 
.3979 
.5196 
.6375 

.0019 

-.0094 

-.0261 

-.0414 

-.0628 

-.0831 

-.1053 

-.0097 
.0920 
.2026 
. 3256 
.4682 
.6133 
.7741 

.0039 

-.0094 

-.0173 

-.0268 

-.0447 

-.0469 

-.0641 

-.0257 

.0946 

.2194 

.3501 

.5028 

.7180 

.9198 

-.0022 
-.0101 
-.0155 
-.0208 
-.0422 
- • 0 B 54 
-. 1365 

-.0260 
.1213 
.2765 
.4397 
.6166 
.8228 
1 .0253 

-.0090 

-.0146 

-.0197 

-.0125 

-.0482 

-.1212 

-.1908 

- . C 7 B 7 

. 1105 
. 28 39 
.4582 
.7185 
. 5345 
. 5432 

-.0203 

-.0271 

-.0256 

-.0178 

-.1230 

-.0894 

-.0981 

-.1764 

.0769 

.2604 

.4627 

.2301 

.1639 

.1509 

H 

0.92 

0 

2 

4 

6 

8 

10 

-.0046 

.0872 

.1800 

.2934 

.4082 

.5311 

.003 7 
-.0115 
-.0291 
-.0478 
-.0706 
-.0941 

-.0121 

.0939 

.2106 

.3408 

.4843 

.6251 

.0043 

-.0092 

-.0206 

-.0339 

-.0558 

-.0592 

HuffjH 

-.0022 
-.011 1 
-.0179 
-.0254 
-.0563 
-.1002 

-.0281 

.1251 

.2900 
.4620 
.6401 
.82 50 

■ 

-.0088 

-.0152 

-.0192 

-.0153 

-.0544 

-.1208 

-.0752 
.1139 
. 296 2 
.4789 
. 7665 
.5647 

-.0248 
-.0270 
-.0236 
-.0033 
-. 1262 
-.0964 

B 

-.0011 

-.0261 

-. 013 ? 

-.0364 

-.0313 

-.0167 

0.98 

0 

2 

4 

6 

-.0079 

.0891 

.1929 

.2912 

.0051 
-.0135 
-.0320 : 

-.0520 

-.0070 

.0952 

.2131 

.3350 

• 0045 
-.0136 
-.0301 
-.0449 

-.0296 
.1021 
.2437 ' 

.3821 

.0030 

-.0164 

-.0348 

-.0447 

-.0247 

.1422 

.3129 

.4871 

-.0077 

-.0279 

-.0466 

-.0545 

-.0936 
.1057 
. 3507 
.5780 

| 

-.1689 

.1566 

.4079 

.5576 

-.0012 

-.0287 

-.0532 

-.0374 

1.00 

0 

2 

4 

6 

-.0060 
.0816 
. 1 8 4.8 
.2846 

.0060 

-.0111 

-.0268 

-.0504 

-.0106 

.0915 

.2062 

.3270 

.0046 

-.0116 

-.0282 

-.0437 

-.0196 

.0993 

.2332 

.3766 

.0007 
-.0151 
-.0316 
-. 0457 

-.0217 

.1327 

.2999 

.4790 

-.0091 

-.0266 

-.0449 

-.0561 

I 

-.0329 

-.0480 

-.0742 

-.0884 



1.05 

l 

-.0062 
,0829 ' 
.1830 

.0052 

-.0134 
-.0327 , 

-.0059 

.0912 

.2033 

.0033 

-.0145 

-.0321 

-.0190 

.1007 

.2337 

-.0018 

-.0198 

-.0370 

.-•0215 

.1308 

.2930 

-.0099 

-.0285 

-.0483 

6 

-.0224 

-.0578 

-.0847 

-.2735 

-.0291 

.1784 

-.0199 

-.0609 

-.0940 
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(b) Sketch of model with plane wing and indented body. All dimensions 
are in inches unless otherwise noted. 


Figure 1.- Concluded. 





, deg/in -lb 




\33s\ 


o,i6b/2 . ; . r 77 o.32.b/2 r r; ; j ; ; 7o.48b/2 ; ; ; t 77’Q.64b/2; ; ; j ; ; ; Q80b/?; ; ; ; j ; ; 095b/2 







o 64b /2~" rj aso.b/? ; ; ; • ; ; o.95b/2 







Figure 5 * - Continued 
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Figure 5.- Continued. 






Figure 5.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued 






Figure 6.- Continued 





Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 









Figure 7 -- Chordwise pressure distributions for the cambered wing in combination with the non- 
indent ed body. 
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Figure 7*- Continued* 
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Figure 8.- Spanwise variation of section normal-load, parameter for the plane wing in combina 
tion with the indented body at various angles of attack and Mach numbers. 
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Figure 10.- Concluded. 
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(a) Indented body and plane wing. 


Figure 11.- Variation of angle of attack with wing normal-force 
coefficient for various Mach numbers. 
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(c) Nonindented body and cambered wing. 


Figure 11.- Concluded. 
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(a) Indented body and plane wing. 


Figure 13.- Variation of wing chordwise center-of-pressure location 
with wing normal-force coefficient for various Mach numbers. 
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(c) Nonindented body and cambered wing. 
Figure 13.- Concluded. 
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(b) Indented body and cambered wing. 
Figure 14.- Continued. 
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(c) Nonindent ed body and cambered wing 
Figure 14.- Concluded. 
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Figure 15.- Variation of wing chordwise center of pressure and spanwise center of pressure with 
Mach number for constant values of wing normal-force coefficient. 




